fatty acid profiles of plasma, muscle, and subcutaneous fat in piglets Transfer of conjugated linoleic acid from sows to their offspring and its impact on the
ABSTRACT: This experiment was conducted to determine if CLA could be transferred from sows to their offspring through the umbilical cord or milk. Eighteen pregnant Dalland sows of mixed parity were used in a completely randomized block design based on parity and BW. The sows were allotted to 1 of 3 groups and fed diets containing 0, 0.5, or 1.0% CLA during the last 50 d of gestation and throughout a 26-d lactation (n = 6). Umbilical cord blood was sampled at parturition. Colostrum and milk were collected from each sow on d 2 and 15 after farrowing. Samples of blood, backfat, and the LM were obtained from piglets at 2 and 26 d of age. Sow reproductive performance and piglet growth were not altered by CLA supplementation during the late gestation and lactation periods. The CLA supplementation of sow diets had an impact on the fatty acid profiles in colostrum and milk. Dietary CLA increased the concentrations of total SFA (linear and quadratic, P < 0.01), but reduced the total MUFA in the colostrum (linear and quadratic, P < 0.01). Although dietary CLA increased the concentrations of total SFA (quadratic, P < 0.01), it had no influence on total MUFA concentrations in the milk. In addition, feeding sows diets supplemented with CLA resulted in increases (linear and quadratic, P < 0.01) in the CLA content of plasma, backfat, and the LM in their offspring. However, :2, was detected in the umbilical cord blood, which indicates that CLA may be transported from the sow to the fetus in an isomer-specific manner.
INTRODUCTION
Conjugated linoleic acid is composed of an isomeric mixture of linoleic acid containing conjugated double bonds. The CLA has been intensively studied due to its beneficial functions in humans and animals (Belury, 2002) . However, few studies have focused on the potential transfer of CLA from mother to offspring. The CLA can cross the human placenta (Elias and Innis, 2001 ), but it has not been determined whether or not CLA crosses the placenta in sows. Consumption of CLA during lactation has been shown to increase the concentration of CLA in milk (Chin et al., 1994; Bertschi et al., 2005; Schmid et al., 2008) . Alpine butter is rich in CLA and has been shown to increase CLA concentrations in sow milk. The transfer efficiency of dietary CLA isomers has been estimated to range from 55 to 69% for milk (Bee, 2000a) . Therefore, it is possible that CLA could be transferred from the mother to her offspring via umbilical cord blood or through milk (Bee, 2000a,b; Elias and Innis, 2001; Ringseis et al., 2004) .
Conjugated linoleic acid was found to reduce lipid deposition in pigs (Dugan et al., 1997) . Interestingly, CLA not only reduces backfat thickness, but also increases the intramuscular fat content in growing-finishing pigs (Dugan et al., 1999; Wiegand et al., 2001 Wiegand et al., , 2002 Joo et al., 2002) , although there have been some reports indicating that CLA does not alter intramuscular fat content (D'Souza and Mullan, 2002; Tischendorf et al., 2002) . Early programming is supposed to have a crucial effect on body composition and fat distribution in adolescent and adulthood (Labayen et al., 2006) . If CLA isomers are incorporated into tissues of offspring during gestation or lactation or both, it may be feasible to alter the body composition of the offspring by manipulating the maternal CLA intake.
However, little information on the differences between umbilical cord blood supplying CLA to the fetus and milk supplying CLA to the piglets is available. The influence of maternal consumption of CLA on neonatal growth, body composition, and fatty acid profile of tissues remains unclear. Therefore, the objectives of this study were to determine the transfer pattern of CLA via umbilical cord blood and milk including colostrum and milk to neonatal and weanling piglets by feeding sows CLA during the last 50 d of gestation and 26 d of lactation and its effect on the fatty acid profiles of sow milk and piglet tissues.
MATERIALS AND METHODS
All procedures involving animals were approved by the China Agricultural University Animal Care and Use Committee.
Experimental Diets and Animals
Eighteen Dalland (Sino-Dutch Animal Husbandry Training and Demonstration Center, Beijing, China) multiparous (5.6 ± 1.5 parity) pregnant sows, with an average BW of 272 ± 18 kg, were used in a completely randomized block design based on parity and BW. The sows were allotted to 1 of 3 groups and fed diets containing 0, 0.5, or 1.0% CLA during the last 50 d of gestation and throughout a 26-d lactation (n = 6). The CLA was added at the expense of soybean oil. A commercially available CLA containing 28. 02% cis-9, trans-11-18:2 and 30.07% trans-10, cis-12-18 :2 (Qingdao Aohai Biotech. Company, Qingdao, China) was used.
The experimental diets (Table 1) were based on corn and soybean meal and were formulated to meet or exceed NRC nutrient requirements (NRC, 1998) . During gestation, the sows were fed twice a day at 0800 and 1600 h and had free access to water. The total daily ration varied from 2.5 to 3.5 kg with the amount fed adjusted according to the BCS of the sow. Sows were individually housed in gestation stalls (2.0 × 2.2 m) mounted over a solid concrete floor.
One week before their expected farrowing date, the sows were moved into the farrowing house and placed in individual farrowing crates equipped with a nipple waterer to provide water ad libitum. The crates were mounted over a solid concrete floor, and manure was removed manually each day. Throughout the 26-d lactation, all sows were fed 4.5 kg of the same diet they received in gestation in 2 equal portions at approximately 0800 and 1600 h.
The numbers of piglets born alive, dead, and weak (birth weight <0.80 kg) were recorded. The birth weight and weaning weight were also recorded, and daily BW gain was calculated. At birth, the litters were subjected to normal management procedures, including cutting of teeth and tails, ear notching, and iron shots. Males were castrated at d 3. Commercial creep feed (Table 2) was provided starting on d 3. Litters were not adjusted in size, but if the litter size was greater than 8, the sow was offered an additional 0.2 kg of feed for each piglet over 8.
Sampling and Measurements
Umbilical cord blood samples were collected immediately after farrowing from as many piglets as possible The fatty acid composition of the CLA-enriched oil (Qingdao Auhai Biotech. Co. Ltd., Qingdao, China), which was derived from nongenetically modified organism sunflower oil, had 873.4 g of fatty acids per kg of oil and provided (g/100 g of total fatty acids): myristic (14:0), 0.08; palmitic (16:0), 8.82; stearic (18:0), 9.53; eicosanoic (20:0), 0.71; behenic (22:0), 1.38; palmitoleic (16:1n-7), 0.07; oleic (18:1n-9), 19.15; vaccenic (18:1n-7), 0.55; and linoleic (18:2n-6) , 0.84. Two major CLA isomers were detected: cis (c), trans (t) c9, t11, 28.02, and t10, c12, 30.07 ; all values of CLA were analyzed.
by allowing the umbilical cord to drip into a heparinized vacutainer tube (Greiner Bio-one, Kremsmünster, Austria). The blood samples were pooled within litter, and an attempt was made to get at least 10 mL of umbilical cord blood from each litter. Male piglets (1 piglet per litter at each period) whose BW was closest to the average BW of the litter were selected for blood sampling on d 2 and 26. Blood samples (10 mL) were obtained by precaval venipuncture into heparinized vacutainer collection tubes (Greiner Bio-one) at approximately 0800 h. Plasma was separated by centrifugation (3,000 × g for 10 min at 4°C) and frozen immediately for storage at −20°C to be used later for lipid extraction and fatty acid analysis. After bleeding, the piglets were killed by a lethal injection of sodium pentobarbital followed by exsanguination. Samples of their backfat and LM were removed and immediately frozen in liquid nitrogen, then stored at −20°C for fatty acid analysis.
On d 2 and 15 after farrowing, 10-mL samples of colostrum and milk were obtained from each sow. Several teats were milked by hand and pooled within sow. Oxytocin was not used to facilitate milking. Samples were immediately frozen and stored at −20°C to be used later for lipid extraction and fatty acid analysis.
Feed Analysis
Dietary DM, CP, ether extract, Ca, and P contents were determined according to the procedures of AOAC (1990). Gross energy was measured by an automatic adiabatic oxygen bomb calorimeter (model 1281, Parr, Moline, IL). The AA content of the diets was determined by HPLC (Hitachi L-8800 Amino Acid Analyzer, Tokyo, Japan) as described in Lu et al. (2008) . All samples were hydrolyzed for 24 h at 110°C with 6 N HCl before analysis. Sulfur-containing AA were analyzed after cold formic acid oxidation for 16 h before acid hydrolysis. Tryptophan was determined after alkaline hydrolysis (4 N NaOH) for 22 h at 110°C.
Fatty Acid Analysis
Fatty acid analysis was carried out according to the method described by Kramer and Zhou (2001) . Methyl nonadecanoate (C19:0, Sigma, St Louis, MO) was added as an internal standard. The fatty acid methyl esters were analyzed by gas chromatography (HP6890 GC-FID system, Hewlett-Packard Co., Wilmington, DE) installed with a column (Chrompack Capillary Column, CP-Sil 88 column; 100 m × 250 μm × 0.25 μm, Varian Co., Palo Alto, CA). The chromatography conditions were as follows: 250°C injector temperature; 250°C detector temperature; and helium carrier gas at 1/40 split ratio. The temperature program was set to run for 180°C for 45 min, followed by an increase of 10°C/min to 215°C, and then maintained for 17 min. Peaks were identified by comparison of retention times with standards (Sigma). Identification of the peaks in- 1 The total SFA is the sum of the C10, C12, C14, C16, C17, C18, C20, C22, and C24. 2 The total MUFA is the sum of the C14:1, C16:1n-7, C18:1n-7, C18:1n-9, C20:1n-7, C22:1, and C24:1. 3 c = cis; t = trans. 4 ND = not detected. 5 The total PUFA is the sum of the C18:2n-6, C18:3n-3, C18:3n-6, C20:2, C20:4n-6, C20:5n-3, C22:4n-6, C22:5, C22:6, C18:2 c9, t11, and C18:2 t10, c12.
Conjugated linoleic acid transfers to offspring cluded fatty acids between C10:0 and C24:1, and the 2 major CLA isomers, cis-9, trans-11-18:2 and trans-10, cis-12-18:2.
Statistical Analysis
The data were analyzed by ANOVA using the GLM procedure (SPSS Inc., Chicago, IL). The regression program of SPSS was used to determine linear and quadratic effects of CLA on all indices. The sow was used as the experimental unit for data on the sow reproductive performance, umbilical cord blood, colostrum and milk, whereas the piglet was used as the experimental unit for data involving fatty acid analysis of plasma, backfat, and LM. To assess the effect of CLA on fatty acid profile in umbilical cord plasma, backfat, and LM in suckling piglets, undetectable values were assigned a value of 0. Differences were considered significant at P < 0.05.
RESULTS

Sow Reproductive Performance and Piglet Growth
Supplementation with CLA tended to increase the number of piglets born alive (linear, P = 0.07) and weaned (linear, P = 0.10) per litter (Table 3) . Birth weight was unaffected by CLA supplementation, whereas weaning weight tended to increase (linear, P = 0.09) as a result of CLA supplementation.
Fatty Acid Composition of Colostrum and Milk
Dietary CLA had no effect on the total fatty acid concentration in colostrum or milk (Table 4 ). The concentrations (% total fatty acids) of cis -9, trans-11-18:2 and trans-10, cis-12-18 :2 increased (linear and quadratic, P < 0.01) in colostrum and milk by dietary CLA. Total SFA concentrations increased linearly and quadratically (P < 0.01) in colostrum, whereas a quadratic increase (P < 0.01) was observed in milk. Total MUFA concentrations decreased (linear and quadratic, P < 0.01) in colostrum, whereas no alteration was observed in milk due to dietary CLA. Total PUFA concentrations in colostrum were not affected by dietary CLA but showed a decrease in milk (linear, P = 0.10; quadratic, P = 0.02). In colostrum, palmitic acid (C16:0) increased linearly and quadratically (P < 0.05), whereas it decreased quadratically (P < 0.01) in milk. Stearic acid (C18:0) increased (linear and quadratic, P < 0.01) in colostrum and milk with increased dietary CLA. In colostrum, oleic acid (C18:1n-9) decreased linearly and quadratically (P < 0.01), whereas it increased quadratically (P = 0.02) in milk. Linoleic acid (C18:2n-6) tended to decrease in colostrum (linear, P = 0.08; quadratic, P = 0.07) and decreased (linear and quadratic, P = 0.02) in milk in response to increasing levels of CLA in the sows diet.
Fatty Acid Composition of Umbilical Cord Plasma
Umbilical plasma cis-9, trans-11-18:2 was not detected in piglets from sows on any of the 3 treatments (Table 5 ). The dietary treatments had no effect on total fatty acid, SFA, MUFA, and PUFA concentrations in umbilical cord plasma. When compared with the control group, the concentrations of trans-10, cis-12-18:2 increased linearly and quadratically (P < 0.01). Stearic (C18:0) and oleic (C18:1n-9) acids (linear, P < 0.01; quadratic, P < 0.05) and linoleic (C18:2n-6) acid (linear, P = 0.04; quadratic, P = 0.07) decreased, whereas palmitic acid (C16:0), eicosadienoic (C20:2n-6), and α-linolenic (18:3n-3) acids increased linearly and quadratically (P < 0.05) in umbilical cord plasma in piglets from sows fed CLA.
Fatty Acid Composition of Plasma in Neonatal and Weanling Piglets
Dietary CLA tended to increase the total fatty acid concentration of plasma in neonatal (d 2) piglets (linear, P = 0.06), whereas no effect was observed in weanling piglets (d 26; Table 6 ). Plasma concentrations of cis -9, trans-11-18:2 and trans-10, cis-12-18 :2 increased linearly and quadratically (P < 0.01) in neonatal and weanling piglets. However, different effects of CLA supplementation of sow diets were observed in the plasma fatty acid composition between neonatal and weanling piglets. Total fatty acid concentrations (mg/ mL of plasma) tended to decrease (linear, P = 0.06) in the neonatal piglet, whereas no effect was observed in weanling piglets. In the neonatal piglets, maternal CLA treatment tended to increase total SFA concentrations (quadratic, P = 0.10). However, in weanling piglets, they showed a quadratic decrease (P < 0.01). Total PUFA concentration increased quadratically (P = 0.02) in neonatal piglets but was unchanged in weanling piglets. Palmitoleic (C16:1n-7) and vaccenic acid (C18:1n-7) decreased linearly and quadratically (P < 0.05) in the neonatal piglet plasma, whereas no alteration was observed in weaning piglets. Linoleic acid increased linearly and quadratically (P < 0.05) in neonatal piglets, whereas they were unaltered in weanling piglets. Maternal dietary CLA had no effect on plasma concentrations of total MUFA, stearic (C18:0), or oleic (C18:1n-9) acids in neonatal or weanling piglets.
Fatty Acid Composition of Backfat in Neonatal and Weanling Piglets
As maternal dietary CLA amount increased, the concentrations of cis-9, trans-11-18:2 and trans-10, cis-12-18:2 increased linearly and quadratically in backfat samples taken from neonatal and weanling piglets (P < 0.01; Table 7 ). In neonatal and weanling piglets, concentrations of total SFA in backfat increased (linear and quadratic, P < 0.01), whereas total MUFA concentrations decreased linearly (P < 0.05) and quadratically (P = 0.07 and 0.02 for neonatal and weanling piglets, The total SFA is the sum of the C10, C12, C14, C16, C17, C18, C20, C22, and C24. 2 The total MUFA is the sum of the C14:1, C16:1n-7, C18:1n-7, C18:1n-9, C20:1n-7, C22:1, and C24:1. 3 c = cis; t = trans. 4 The total PUFA is the sum of the C18:2n-6, C18:3n-3, C18:3n-6, C20:2, C20:4n-6, C20:5n-3, C22:4n-6, C22:5, C22:6, C18:2 c9, t11, and C18:2 t10, c12. respectively). Total PUFA tended to decrease (linear, P = 0.09) in the backfat of neonatal piglets, but in weanling piglets, they increased quadratically (P < 0.01). Myristic (C14:0) and palmitic acid (C16:0) increased (linear and quadratic, P < 0.01) in neonatal and weanling piglets, whereas oleic acid (18:1n-9) decreased linearly and quadratically (P < 0.05) in neonatal piglets and linearly (P = 0.04) in weanling piglets. Linoleic acid (18:2n-6) decreased linearly and quadratically (P < 0.01) in neonatal piglets but increased quadratically (P < 0.01) in weanling piglets.
Fatty Acid Composition of LM in Neonatal and Weanling Piglets
In the LM of neonatal piglets, the concentrations of total fatty acids (g/100 g of muscle) decreased (linear, P = 0.03; quadratic, P = 0.08), whereas maternal dietary CLA treatments had no effect on total fatty acid concentrations in weanling piglets (Table 8) . Both cis-9, trans-11-18:2 and trans-10, cis-12-18:2 concentrations in the LM increased linearly and quadratically (P < 0.01) in neonatal and weanling piglets. Total SFA concentrations in the LM increased quadratically (P < 0.01) in neonatal piglets, whereas the concentrations in weanling piglets tended to increase (linear P = 0.07; quadratic, P = 0.05). Total MUFA concentrations in the LM of neonatal and weanling piglets were not affected by maternal dietary treatments. Total PUFA concentrations increased quadratically (P < 0.05) in the LM of neonatal and weanling piglets. Dietary treatments had no effect on palmitic (C16:0), stearic (C18:0), and oleic (C18:1n-9) acids in the LM of neonatal and weanling piglets. Linoleic acid (C18:2n-6) concentrations were increased quadratically (P < 0.01) in the LM of neonatal and weanling piglets.
DISCUSSION
In previous studies on humans, it has been proven that the fetus and suckling infants can receive CLA from umbilical cord blood (Elias and Innis, 2001; Mül-ler et al., 2007) and milk (Berghaus et al., 1998; Park et al., 1999; Elias and Innis, 2001; Ritzenthaler et al., 2005) , respectively. Similarly, fetal piglets can get fatty acids from the sow through the umbilical cord (Berghaus et al., 1998; Rooke et al., 1999) , and suckling piglets can receive CLA from the milk of the sow (Bee, 2000a; Schmid et al., 2008) . However, we have not observed any information about the concentrations of CLA and its 2 major isomers in the umbilical cord blood of neonatal piglets.
The present study demonstrated that supplementation with CLA during late gestation (last 50 d) and lactation increased the CLA isomer amounts in sow colostrum and milk, but did not alter the birth weight and BW gain of piglets, which was in agreement with Poulos et al. (2004) . In suckling piglets, umbilical cord blood, plasma, backfat, and the LM, CLA isomer concentrations were also increased, which is consistent The total SFA is the sum of the C10, C12, C14, C16, C17, C18, C20, C22, and C24. 2 The total MUFA is the sum of the C14:1, C16:1n-7, C18:1n-7, C18:1n-9, C20:1n-7, C22:1, and C24:1. 3 c = cis; t = trans. 4 ND = not detected. 5 The total PUFA is the sum of the C18:2n-6, C18:3n-3, C18:3n-6, C20:2, C20:4n-6, C20:5n-3, C22:4n-6, C22:5, C22:6, C18:2 c9, t11, and C18:2 t10, c12.
with the previous studies (Bee, 2000a,b; Poulos, et al., 2004; Schmid et al., 2008) . Interestingly, there are some differences in CLA transfer patterns between umbilical cord blood and milk. In umbilical cord plasma, only trans-10, cis-12-18:2 could be detected, but in colostrum and milk, cis-9, trans-11-18:2 and trans-10, cis-12-18:2 could be detected.
It is well known that the fatty acid composition of plasma and erythrocyte lipids is strongly dependent on the intake of dietary fatty acids (Glatz et al., 1989; Dunstan et al., 2004) . From maternal blood and venous cord blood of pregnant women consuming conventional Western diets, it has been found that the cis-9, trans-11-18:2 was the only isomer detected in the plasma, lipoproteins, and erythrocytes (Müller et al., 2007) . Because they have strong similarities to humans in digestive physiology (Bee, 2000a) , sows are often used as animal models to verify the findings of human trials. However, there likely are some different mechanisms between human and piglet in the transfer of cis -9, trans-11-18:2 and trans-10, cis-12-18 :2 via the umbilical cord.
It has been shown that the cis-9, trans-11-18:2 isomer is mainly responsible for the anticarcinogenic effect and modulating immune response or inflammatory response or both, whereas the trans-10, cis-12-18:2 isomer exerts specific effect on modulating body fat deposits (Pariza et al., 2001; Churruca et al., 2009) . Because cis-9, trans-11-18:2 and trans-10, cis-12-18:2 could be detected in the plasma of new natal and wean- The total SFA is the sum of the C10, C12, C14, C16, C17, C18, C20, C22, and C24.
2
The total MUFA is the sum of the C14:1, C16:1n-7, C18:1n-7, C18:1n-9, C20:1n-7, C22:1, and C24:1. The total PUFA is the sum of the C18:2n-6, C18:3n-3, C18:3n-6, C20:2, C20:4n-6, C20:5n-3, C22:4n-6, C22:5, C22:6, C18:2 c9, t11, and C18:2 t10, c12.
Conjugated linoleic acid transfers to offspring ling piglets, we assumed that cis-9, trans-11-18:2 was mainly transferred from the colostrum and milk rather than umbilical cord blood.
In the present study, CLA supplementation of sow diets increased the concentrations of total SFA, but decreased total MUFA in the colostrum. However, it increased the concentrations of total SFA but had no effect on the total MUFA in milk, which is consistent with previous studies (Bee, 2000a,b) . Alpine butter, a CLA-rich butter, has been shown to increase SFA in human milk (Bertschi et al., 2005) , but no effect was observed in the milk of sows (Schmid et al., 2008) .
Differences were observed in how maternal dietary CLA affected the plasma fatty acid profiles in neonatal and weanling piglets. It seemed the plasma fatty acid composition of neonatal piglets was altered more by maternal CLA inclusion than weanling piglets. The plasma concentrations of myristic (C14:0), eicosanoic (C20:0), palmitoleic (C16:1n-7), vaccenic (C18:1n-7), linoleic (C18:2n-6) acids, and total PUFA were altered in neonatal piglets. However, the plasma concentrations of total MUFA and PUFA in weanling piglets were not altered by maternal CLA inclusion, whereas total SFA decreased quadratically, which was consistent with Park et al. (1999) .
Maternal CLA inclusion increased the concentrations of myristic (C14:0) and palmitic (C16:0) acids, and total SFA, whereas it decreased total MUFA and linoleic The total SFA is the sum of the C10, C12, C14, C16, C17, C18, C20, C22, and C24.
The total MUFA is the sum of the C14:1, C16:1n-7, C18:1n-7, C18:1n-9, C20:1n-7, C22:1, and C24:1. The total PUFA is the sum of the C18:2n-6, C18:3n-3, C18:3n-6, C20:2, C20:4n-6, C20:5n-3, C22:4n-6, C22:5, C22:6, C18:2 c9, t11, and C18:2 t10, c12. acid (C18:2n-6) concentrations in the backfat of neonatal and weanling piglets. This result was similar to previous studies with nursery piglets (Bee, 2000a,b) .
In the LM, previous reports have indicated that CLA supplementation of sows during gestation and lactation had no effect on PUFA concentrations, increased SFA but decreased MUFA concentrations in the LM of 70-d piglets (Bee, 2000b) . However, in the present study, we found maternal CLA supplementation quadratically increased the concentrations of total PUFA and SFA but had no effect on total MUFA content in the LM of neonatal and weanling piglets. The divergence might have been due to the different levels of CLA supplemented as well as the duration of the CLA supplementation.
Several experiments have demonstrated that CLA could increase intramuscular fat deposition and decrease subcutaneous fat (Dugan et al., 1997; Wiegand et al., 2002) . Subsequent studies indicated that trans-10, cis-12-18:2, rather than cis-9, trans-11-18:2, inhibited the proliferation and the differentiation of 3T3-L1 preadipocytes and cultured stromal vascular cells from human subcutaneous adipose tissue, thus decreasing lipid accumulation (Pariza et al., 2001; Brown et al., 2003) . Our previous study showed that trans-10, cis-12-18:2, rather than cis-9, trans-11-18 :2, decreased the expression of adipocyte-specific genes, adipose precursor cell numbers, and the accumulation of lipid in cultured subcutaneous adipose tissue stromal vascular cells (Zhou The total SFA is the sum of the C10, C12, C14, C16, C17, C18, C20, C22, and C24. 2 The total MUFA is the sum of the C14:1, C16:1n-7, C18:1n-7, C18:1n-9, C20:1n-7, C22:1, and C24:1. 3 c = cis and t = trans. 4 ND = not detected. 5 The total PUFA is the sum of the C18:2n-6, C18:3n-3, C18:3n-6, C20:2, C20:4n-6, C20:5n-3, C22:4n-6, C22:5, C22:6, C18:2 c9, t11, and C18:2 t10, c12. et al., 2007) . On the other hand, both CLA isomers increased the expression of adipocyte-specific genes in intramuscular cultures, as well as accumulation of lipid and Oil Red O-stained cells (Zhou et al., 2007) . Collectively, these studies indicate that the regulation of CLA in adipocyte development in subcutaneous and intramuscular adipose tissue is controlled by different mechanisms .
In conclusion, this study showed that CLA supplementation in sow diets during the late gestation and lactation stages increased CLA isomer concentrations in the umbilical cord plasma, colostrum, and milk. As a result, CLA concentrations were increased in plasma, backfat, and the LM of neonatal and weanling piglets. The data indicate that some differences exist between the CLA supplied by the umbilical cord blood and the milk. :2, was the only isomer in the umbilical cord plasma. In addition, dietary CLA supplied during late gestation and lactation played multiple roles in manipulating fatty acid profiles of umbilical cord blood and milk and displayed a complex transfer pattern from sow to offspring. Therefore, studies that attempt to modulate the body composition and fat distribution through maternal CLA should take account of the characteristics of CLA transfer.
